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for investigating blood flow were then lacking, the
promising clinical results from this treatment could
not be linked to favorable blood flow changes, and in
their inability to optimize pneumatic compression, ini-
tial enthusiasm eventually waned. Years later (1978),
interest was rekindled when Gaskell and Parrott,3
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The concept of using mechanical means to increase
blood flow in an ischemic limb dates back to the
1930s, when Landis and Gibbon1 and Herrmann and
Reid2 successfully applied alternating external pressure
to ischemic legs with advanced arteriosclerotic periph-
eral vascular disease (PVD). Unfortunately, as methods
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Introduction: Intermittent pneumatic compression (IPC) is currently being investigated
with respect to its effect on distal arterial volume flow in patients with peripheral vas-
cular disease. Recently published data have shown a substantial acute enhancement in
arterial calf inflow in response to IPC of the lower limb in both intermittent claudica-
tion and leg ischemia.
Purpose: The aim of the study was to compare the immediate effects of intermittent pneu-
matic foot (IPCfoot) versus calf (IPCcalf) versus simultaneous foot and calf compression
(IPCfoot+calf) on popliteal artery hemodynamics in patients with intermittent claudication
(Fontaine II) and in normal subjects, using duplex ultrasonography. For this purpose, 25
limbs of 20 healthy subjects (age range [mean], 51-74 [64] years) and 31 limbs of 25
claudicants (age range [mean], 56-81 [66.5] years; resting ankle-brachial indices, 0.38-
0.75 [0.55]) were examined in the sitting position with and without IPC compression.
Results: Mean popliteal artery flow in healthy subjects increased by 98.8% on application
of IPCfoot, 188% with IPCcalf, and 274% with IPCfoot+calf (all P < .001). Mean flow in
claudicants increased by 58% on application of IPCfoot, 132% with IPCcalf, and 174%
with IPCfoot+calf (all P < .001). The mean velocity, peak systolic velocity, and end dias-
tolic velocity displayed a pattern of change similar to that for volume flow in both
groups. Pulsatility index decreased in both groups on application of IPC; the lowest val-
ues were generated with IPCfoot+calf.
Conclusion: Of the three compression modes investigated, IPCfoot+calf was the most effec-
tive means of acutely augmenting arterial calf inflow in arteriopaths and normals. The
significant increase in end diastolic velocity and decrease in pulsatility index indicate that
peripheral vasodilatation is the central mechanism in this impulse-related flow augmen-
tation. Prospective trials are indicated to determine the clinical potential of the long-
term effects of IPCfoot+calf in patients with symptomatic peripheral vascular disease. 
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using clearance rates of subcutaneous 133xenon, ele-
gantly demonstrated that a venous pump delivering
intermittent impulses to the foot and ankle could
increase blood flow in the limbs of sitting patients with
PVD by 80%.
Intermittent pneumatic compression (IPC) is
currently thought to be an effective means of aug-
menting arterial volume flow in the lower limbs of
patients with PVD. It has recently been documented
that resting popliteal artery volume flow increases 
3.2 ± 1.6 (± 1 SD) times on application of intermit-
tent calf compression (IPCcalf)4 and by 52% to 84%5,6
when intermittent foot compression (IPCfoot) is
delivered. More recently, combined intermittent
compression of the foot and calf (IPCfoot+calf) has
been shown to enhance arterial calf inflow7,8 and
provide symptomatic relief in limbs with rest pain.9
The aim of this study was to evaluate and com-
pare the immediate effects of IPCfoot, IPCcalf, and
IPCfoot+calf on popliteal artery hemodynamics in
healthy subjects and patients with intermittent clau-
dication due to PVD (Fontaine II). 
MATERIALS AND METHODS
Study groups. The effects of IPCfoot, IPCcalf,
and IPCfoot+calf on popliteal artery flow velocities
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were evaluated in 25 limbs of healthy subjects (12
male and 8 female; age range, 51-74 years; mean
age, 64 years; group A) and in 31 limbs of patients
with stable intermittent claudication (Fontaine II;
16 male and 9 female; age range, 56-81 years; mean
age, 66.5 years; group B). Resting ankle-brachial
systolic pressure indices were determined by divid-
ing the higher ankle pressure, obtained from the
dorsalis pedis or the posterior tibial arteries, with the
higher of the two brachial artery pressures, after a
15-minute resting period (group A > 1.05; group B
range, 0.38-0.75; group B mean, 0.55). Postexercise
ankle-brachial systolic pressure indices were
obtained after a 1-minute treadmill exercise test at a
speed of 4 km/h and a gradient of 10% (group A >
1.0; group B range, 0.05-0.34; mean, 0.18).
For uniformity, only patients with superficial
femoral artery occlusion and no hemodynamically
significant aortoiliac disease, as confirmed by recent
digital subtraction angiography (18 legs) or duplex
ultrasound scanning (13 legs), were included in the
study. Patients with congestive cardiac failure; leg
ulcers, trauma, or swelling; lower limb rest pain;
bilateral symptomatic chronic venous disease (clini-
cal, etiologic, anatomic, and pathologic classification
of venous disease classes 2-6)10; diabetic peripheral
Fig 1. Peak systolic velocity, mean flow velocity, and pulsatility index (means ± SD) at rest (sitting posi-
tion; time points 1, 2, and 3) and on application of IPCfoot, IPCcalf, or IPCfoot+calf in 25 normal limbs
(group A). Peak systolic velocity: IPCfoot vs rest 1, IPCcalf vs rest 2, IPCfoot+calf vs rest 3, IPCcalf vs
IPCfoot, and IPCfoot+calf vs IPCfoot: all P < .001; IPCfoot+calf vs IPCcalf: P = .031; rest 1 vs rest 2 or rest
3: P > .2. Mean flow velocity: IPCfoot vs rest 1, IPCcalf vs rest 2, IPCfoot+calf vs rest 3, IPCcalf vs IPCfoot,
IPCfoot+calf vs IPCcalf, and IPCfoot+calf vs IPCfoot: all P < .001; rest 1 vs rest 2 or rest 3: P > .6. Pulsatility
index: IPCfoot vs rest 1, IPCcalf vs rest 2, IPCfoot+calf vs rest 3, IPCcalf vs IPCfoot, and IPCfoot+calf vs
IPCfoot: all P < .001; IPCfoot+calf vs IPCcalf: P = .003; rest 1 vs rest 2 or rest 3: P ≥ .6.
neuropathy; or extensive arteriosclerotic popliteal
artery disease or occlusion were excluded, as were
patients on vasoactive medication (eg, nifedipine).
Limbs with previous lower limb venous or orthope-
dic surgery, Baker’s cysts, marked knee joint effu-
sions, and superficial or deep venous reflux exceed-
ing 1 second were also excluded.
Examination and scanning protocol.  Popliteal
artery flow was investigated through use of a duplex
ultrasound scanning unit (Hewlett Packard Sonos
2500, Palo Alto, Calif) fitted with a 7.5/5.5-MHz
linear array probe. Subjects in both groups were
scanned in the sitting position, with legs dependent
and slightly extended at the knees and with feet rest-
ing on a low stool. The foot and calf pads of an IPC
system were gently applied, and a resting period of
15 minutes was allowed for flow stabilization pur-
poses, during which time the subject remained com-
fortably seated.
Resting popliteal artery volume flow was esti-
mated first, two measurements being performed.
IPCfoot was then applied, and two new volume flow
measurements were obtained, starting from the fifth
minute of pump action. Subsequently, the pneumat-
ic pump was switched off, and the subject was given
a 10-minute resting period, after which two new
resting flow estimations were obtained. IPCcalf was
applied next, and flow was measured again (two
readings), starting from the fifth minute of pump
action. The same protocol was followed for the eval-
uation of flow before and during the delivery of
IPCfoot+calf.
Longitudinal imaging of the popliteal artery
enabled simultaneous evaluation of flow velocity and
luminal diameter. The luminal diameter of the
popliteal artery was measured by placing the tracker
ball guided callipers in the far and near intimal-lumi-
nal interphases. Optimal imaging was achieved when
the intima-media interphase was clearly visualized as
a thin echolucent line. Diameter measurements were
repeated three to four times, and the results were
then averaged. The mean flow velocity was deter-
mined by spectral analysis of pulsed Doppler scan-
ning signals insonating the entire arterial lumen.
The gate of sample volume was adjusted to the
lumen of the vessel, and the 60-degree angle of
insonation and the site of gated Doppler scanning
sampling were carefully maintained at 1 cm distal to
the medial condyle throughout the examination of
each leg. The mean velocity is the time average of
the mean velocities of each of the velocity spectra
occurring during an interval defined by the operator.
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Fig 2. Peak systolic velocity, mean flow velocity, and pulsatility index (means ± SD) at rest (sitting posi-
tion; time points 1, 2, and 3) and on application of IPCfoot, IPCcalf, or IPCfoot+calf in 32 limbs of sta-
ble claudicants (group B). Peak systolic velocity: IPCfoot vs rest 1, IPCcalf vs rest 2, IPCfoot+calf vs rest
3, IPCcalf vs IPCfoot, and IPCfoot+calf vs IPCfoot: all P < .001; IPCfoot+calf vs IPCcalf: P = .02; rest 1 vs
rest 2 or rest 3: P > .32. Mean flow velocity: IPCfoot vs rest 1, IPCcalf vs rest 2, IPCfoot+calf vs rest 3,
IPCcalf vs IPCfoot, IPCfoot+calf vs IPCcalf, and IPCfoot+calf vs IPCfoot: all P < .001; rest 1 vs rest 2 or rest
3: P > .419. Pulsatility index: IPCfoot vs rest 1, IPCcalf vs rest 2, IPCfoot+calf vs rest 3, IPCcalf vs
IPCfoot, IPCfoot+calf vs IPCfoot, and IPCfoot+calf vs IPCcalf: all P ≤ .001; rest 1 vs rest 2 or rest 3: P ≥ .14.
In this study, at least four cardiac cycles were includ-
ed in each of these intervals. The mean velocity over
a selected time, always within 5 seconds of the deliv-
ery of an impulse, was calculated through use of a
specially developed software package that enabled
tracing of the waveform profiles. The reproducibili-
ty of this method has been previously evaluated.6
The volume flow was calculated as mean velocity
× π × diameter2 × 4–1 and expressed in milliliters per
minute. Information yielded through computerized
analysis of the profiles of spectral waveforms includ-
ed the pulsatility index, defined as the peak-to-peak
velocity divided by the mean velocity, and the peak
systolic and end diastolic velocities. Pulsed Doppler
scanning spectral waveforms containing aliasing,
noise due to venous flow, or wall motion were dis-
carded and the measurements were repeated.
Statistical analysis of the data was performed
through use of nonparametric statistics. Intragroup
data were compared through use of the Wilcoxon
signed rank test, whereas intergroup statistics were
obtained through use of the Mann-Whitney test,
supported by the 95% CI of the difference. Data are
expressed as means ± 1 SD, unless otherwise noted.
Impulse unit. All three types of intermittent
pneumatic limb compression were delivered with an
ArtAssist AA-1000 unit (ACI Medical Inc, San
Marcos, Calif). This is a mechanical pneumatic
pump consisting of a pneumatic impulse generator
and two plastic inflatable pads specially designed to
fit the foot and calf firmly but comfortably. The two
large-bore elastic tubes connecting the unit with
each pad separately offer the versatility of isolating
(by means of clamps) each pad from the other, thus
affording three different types of IPC. The investi-
gation throughout the study was conducted with the
pump operating at the following presets: maximum
inflation pressure, 120 mm Hg; minimum deflation
pressure, 0 mm Hg; inflation time, 4 seconds; defla-
tion time, 16 seconds. On application of IPCfoot+calf,
the onset of foot impulse preceded that of the calf
(delay time) by 0.5 seconds. 
RESULTS
The popliteal artery mean velocity increased sig-
nificantly on activation of all three types of IPC in
both study groups. The mean velocity in group A
increased from 4.7 ± 2.3 cm/s at rest to 9.3 ± 4.1
cm/s on application of IPCfoot (95% CI: 3.5, 5.6
cm/s), from 4.8 ± 2.7 cm/s to 14 ± 5.3 cm/s with
IPCcalf (95% CI: 7.3, 10.9 cm/s), and from 4.8 ±
2.5 cm/s to 17.4 ± 6.8 cm/s with IPCfoot+calf (95%
CI: 9.8, 14.9 cm/s; all P < .001). The mean veloci-
ty in group B increased from 10.2 ± 4.5 cm/s at rest
to 15.9 ± 5.6 cm/s on application of IPCfoot (95%
CI: 4.9, 6.5 cm/s), from 10.2 ± 4.7 cm/s to 23.6 ±
8.5 cm/s with IPCcalf (95% CI: 11.1, 15 cm/s), and
from 10.2 ± 4.3 cm/s to 27.5 ± 10 cm/s with
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Fig 3. Mean volume flow and end diastolic velocity (means ± SD) at rest (sitting position; time points
1, 2, and 3) and on application of IPCfoot, IPCcalf, or IPCfoot+calf in 25 normal limbs (group A). Mean
volume flow: IPCfoot vs rest 1, IPCcalf vs rest 2, IPCfoot+calf vs rest 3, IPCcalf vs IPCfoot, IPCfoot+calf vs
IPCfoot, and IPCfoot+calf vs IPCcalf: all P < .001; rest 1 vs rest 2 or rest 3: P ≥ .6. End diastolic 
velocity: IPCfoot vs rest 1: P = .006; IPCcalf vs rest 2, IPCfoot+calf vs rest 3, IPCcalf vs IPCfoot, IPCfoot+calf
vs IPCcalf, and IPCfoot+calf vs IPCfoot: all P < .001; rest 1 vs rest 2 or rest 3: P ≥ .8.
IPCfoot+calf (95% CI: 14.34, 19 cm/s; all P < .001;
Figs 1 and 2). In both groups and in all examined
modes of IPC, popliteal artery diameter changes
were not significant (P > .1).
Mean popliteal artery volume flow in group A
increased from 52.4 ± 25.7 mL/min at rest to 104
± 45.6 mL/min on application of IPCfoot (95% CI:
38, 62 mL/min), from 54.8 ± 30.4 mL/min to
157.8 ± 58.5 mL/min with IPCcalf (95% CI: 82,
121 mL/min), and from 52.9 ± 25.6 mL/min to
197.7 ± 71 mL/min with IPCfoot+calf (95% CI: 118,
170 mL/min; all P < .001). The mean popliteal
artery volume flow in group B increased from 85.8
± 37.5 mL/min at rest to 135 ± 50.7 mL/min on
application of IPCfoot (95% CI: 42, 57 mL/min),
from 84.3 ± 37.5 mL/min to 195.7 ± 64.6 mL/min
with IPCcalf (95% CI: 97, 125 mL/min), and from
81.8 ± 34.8 mL/min to 224.5 ± 77.4 mL/min with
IPCfoot+calf (95% CI: 118, 164 mL/min; all P <
.001). The volume flow in group A generated with
IPCfoot+calf was 25% (95% CI: 28, 46 mL/min) and
90% (95% CI: 75, 111 mL/min) higher than that
generated with IPCcalf and IPCfoot, respectively
(both P < .001). In group B, the volume flow gen-
erated with IPCfoot+calf was 14.6% (95% CI: 21, 38
mL/min) and 65.6% (95% CI: 74, 105 mL/min)
higher than that generated with IPCcalf and IPCfoot,
respectively (both P < .001). Volume flow differ-
ences obtained at the three different resting stages of
the examination protocol in both study groups were
not significant (Figs 3 and 4).
On application of the three different types of
IPC, the peak systolic and end diastolic velocities
demonstrated a pattern of change similar to that
described for the volume flow and mean velocity.
The effects of IPCfoot, IPCcalf, and IPCfoot+calf on
peak systolic and end diastolic velocities are depicted
in Figs 1 through 4.
The pulsatility index (Figs 1-2) in group A
decreased from 8.5 ± 2.7 at rest to 4.9 ± 1.8 with
IPCfoot (95% CI: –2.6, –4.3), from 8.7 ± 3.3 at rest
to 3.5 ± 1.1 with IPCcalf (95% CI: –4.1, –6.1), and
from 8.35 ± 3.2 to 3.2 ± 1.4 with IPCfoot+calf (95%
CI: –4.3, –6.4; all P < .001). Similarly, in group B,
the pulsatility index decreased from 2 ± .9 at rest to
1.58 ± .5 with IPCfoot (95% CI: –0.2, –0.6), from 
2 ± .8 at rest to 1.3 ± .4 with IPCcalf (95% CI: –0.48,
–0.85), and from 2.19 ± .9 to 1.15 ± .4 with
IPCfoot+calf (95% CI: –0.72, –1.2; all P < .001).
DISCUSSION
Ultrasonic duplex scanning is well established as
a sensitive, reproducible, and relatively inexpensive
noninvasive method of investigating PVD.11-13
Determination of peripheral arterial blood flow is
currently feasible by measuring vessel diameter and
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Fig 4. Mean volume flow and end diastolic velocity (means ± SD) at rest (sitting position; time points
1, 2, and 3) and on application of IPCfoot, IPCcalf, or IPCfoot+calf in 32 limbs of stable claudicants
(group B). Mean volume flow: IPCfoot vs rest 1, IPCcalf vs rest 2, IPCfoot+calf vs rest 3, IPCcalf vs
IPCfoot, IPCfoot+calf vs IPCfoot, and IPCfoot+calf vs IPCcalf: all P < .001; rest 1 vs rest 2 or rest 3: P > .15.
End diastolic velocity: IPCfoot vs rest 1, IPCcalf vs rest 2, IPCfoot+calf vs rest 3, IPCcalf vs IPCfoot,
IPCfoot+calf vs IPCcalf, and IPCfoot+calf vs IPCfoot: all P < .001; rest 1 vs rest 2 or rest 3: P ≥ .29.
time-averaged velocity.6,14-17 Validation studies have
shown a high correlation with (a) timed blood col-
lections obtained through cannulation of the com-
mon femoral artery in a baboon model (percentage
error, 13% ± 8%)15 and (b) actual flow, as deter-
mined with simultaneous electromagnetic flowmetry
of a surgically exposed canine aorta and femoral
artery17 (correlation coefficients, 0.94 and 0.84,
respectively). Popliteal artery volume flow, mean
velocity, peak systolic velocity, and pulsatility index
have been measured reproducibly through use of
duplex ultrasonography; the coefficient of variation
is less than 14.6% in claudicants and less than 13.3%
in healthy subjects.6
In the current study based on duplex ultrasound
scanning, we confirmed that IPC of the lower limb
is an effective means of enhancing arterial calf inflow
in healthy subjects and those with PVD.4-9 By
directly comparing their hemodynamic effects, we
were able to demonstrate that IPCfoot+calf is substan-
tially more effective than either IPCcalf or IPCfoot in
augmenting popliteal artery flow in healthy subjects
and claudicants when impulses of the same frequen-
cy, duration, and pressure are delivered. Resting
arterial calf inflow in healthy subjects who were sit-
ting increased by 98.5% on application of IPCfoot,
187.8% with IPCcalf, and 273.8% with IPCfoot+calf,
the corresponding increases in claudicants being
57.9%, 132.1%, and 174.4%, respectively.
The flow enhancement achieved with IPCfoot in
the current study (98.5% in healthy subjects, 57.9%
in patients with PVD) is in close agreement with that
in two other investigations.5-6 Using duplex scan-
ning, Morgan et al5 reported mean popliteal blood
flow increases of 93% in healthy volunteers (P <
.0001) and 84% in arteriopaths (P < .03) on appli-
cation of foot impulse compression (applied pres-
sure, 100 mm Hg, 3 impulses per minute; inflation,
3 seconds). Data were based on flow recordings
made over a 5-minute period, starting with the onset
of foot pump action. Each subject maintained a sit-
ting position, with the legs always in a 45-degree
foot-down position. It was reported that pneumatic
compression could produce no hemodynamic effect
on the blood flow of the contralateral lower limb
and that when arteriopaths changed their posture
from the sitting to the recumbent position, no flow
augmentation in response to the pumping action
could be observed.
In another study,6 the application of IPCfoot
(applied pressure, 120 mm Hg; inflation, 3 seconds;
deflation, 17 seconds) in the sitting position gener-
ated popliteal artery volume flow increases of 111%
in healthy limbs and 52% in limbs of claudicants
(both P < .001). Flow decreased significantly in both
groups on cessation of pump action; however, a level
higher than baseline (both P < .003) was still main-
tained within 30 seconds after delivery of foot com-
pression.
Our findings on the flow effect of IPCfoot are
also compatible with those reported by Gaskell and
Parrott,3 who, on the basis of the clearance rates of
133xenon from a single injection under the skin,
demonstrated that a pneumatic venous pump spe-
cially designed to deliver intermittent impulses to
the foot and ankle could increase the lower limb
mean blood flow of 22 seated patients with PVD by
approximately 80% (P < .02).
In the current study, IPCcalf was found to be
about twice as powerful as IPCfoot in enhancing
arterial calf inflow, as much in control subjects as in
claudicants. In this investigation, however, the vol-
ume flow enhancement on application of IPCcalf,
which was 2.9 times the resting flow in group A and
2.3 times the resting flow in group B, did not reach
that reported by van Bemmelen et al.4 Evaluating
the effect of IPCcalf on the lower limb blood flow in
healthy subjects and patients with PVD, they found
that popliteal artery mean volume flow increased 4.4
± 2 (± 1 SD) times in the legs of the former and 3.2
± 1.6 in the latter. The reported flow increase was
achieved in the immediate postcompression period
when a brief (2-second) external impulse was deliv-
ered to the calf (of a resting, seated individual) by
means of a large cuff (22-cm long bladder) connect-
ed to an air source able to produce a fast inflation
deflation time (0.3 seconds). Little change in vol-
ume flow was observed when measurements were
repeated with the subject in the horizontal posi-
tion.4 The levels of flow reached in patients with
PVD on application of IPCcalf did not correlate with
their resting ankle-brachial systolic pressure index.4
In comparison with the findings of the current
study, the higher levels of flow enhancement in both
healthy subjects and claudicants reported by van
Bemmelen et al4 are primarily due to a discrepancy
in the duration of IPCcalf application before mea-
surements were made; in our study, a 5-minute
pump action preceded flow evaluation, whereas van
Bemmelen et al measured the flow after the delivery
of a single pneumatic impulse. Vein priming is a pre-
requisite for maximal flow enhancement with IPC,
and this is optimal before the delivery of the first
impulse to a resting leg; in practice, however, flow
estimation is more realistic after some time of pump
action.
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Of the three modes of IPC evaluated in the 
current study, IPCfoot+calf was the most powerful in
terms of flow enhancement. The effect of IPCfoot+calf
on lower limb arterial flow, as determined by color
flow duplex scan imaging, has been previously
addressed.7,8 Eze et al,8 in a study examining the
effect of IPC on popliteal artery blood flow, report-
ed enhancement values of 54%, 124%, and 173% in
normal limbs (n = 22) with IPCfoot, IPCcalf, and
IPCfoot+calf, respectively; much lower levels of flow
enhancement (13%, 76%, and 50%, respectively)
were found in limbs (n = 10) with PVD (ankle-
brachial systolic pressure index, 0.55-0.75). These
percentage increases are significantly lower than ours
both in healthy subjects and in arteriopaths, much
more so in the latter. Although similar pneumatic
compression devices were used, this difference pos-
sibly reflects discrepancies in (1) sample volume (10
limbs of arteriopaths in the study of Eze et al vs 31
limbs in the current study) (2) inflation duration (10
vs 4 seconds, respectively), (3) impulse frequency (2
vs 3 cycles per minute, respectively) and delay time
(between the calf and foot impulses for IPCfoot+calf)
of pneumatic stimulus, and/or (4) flow velocity
determination protocol and type of cuffs used.
According to the results of Eze et al, IPCcalf is more
powerful than IPCfoot+calf in limbs with PVD but not
in normal limbs; however, the discrepancy in the
effect of IPCfoot+calf between the two groups was left
unexplained. In the current study, the levels of flow
enhancement with different IPC modes were gener-
ated at the optimal combination of presets, the opti-
mization being determined by direct monitoring of
the venous pressures at all possible combinations of
applied pressure, frequency, and delay time of
impulses.18-19 We used a time delay of 0.5 seconds
(foot impulse onset preceding calf impulses
[IPCfoot+calf]), which in comparison with no delay—
when calf compression equals foot compression—is
significantly more effective.18-19 This is because
when a delay is used, the foot venous volume is not
entrapped by the high pressure zone that develops
around the distal calf by the calf compression exert-
ed, increasing significantly the expelled venous vol-
ume from the leg and, consequently, the venous
pressure decline and duration of the increased arte-
riovenous pressure gradient.
The effect of IPCfoot+calf (applied pressure, 100
mm Hg, 3 impulses/min; inflation, 3 seconds) on
the circulation of ischemic limbs has also been exam-
ined by means of air plethysmography.9 Mean calf
blood flow increased from 39.9 to 50.5 mL/min (P
= 0.02) after a 15- to 90-minute period of IPC. A
few sessions of compression therapy were effective
enough to produce an appreciable subjective
improvement, as assessed by means of a visual ana-
log scale. The low level of flow enhancement report-
ed by Banga et al9 resulted from the fact that air
plethysmography cannot determine popliteal artery
flow during IPC but measures calf blood flow after
the cuffs have been removed from the leg (≥ 1
minute after the impulse is delivered).
Arterial calf inflow increase on application of IPC
has been attributed to augmentation of the arterio-
venous pressure gradient4-6 and decrease in peripher-
al resistance to arterial flow.4-8 As the tissue pressure
increases on delivery of pneumatic impulses, the walls
of underlying veins collapse, ejecting venous blood
proximally to the calf and thigh and causing venous
pressure to decrease transiently, until veins are refilled
by forward flow from the arteries. The unbalanced
hydrostatic pressure on the arterial side during this
short transient postcompression period is thought to
be a major mechanism for the blood flow augmenta-
tion.3-6 Also postulated is a direct reduction in periph-
eral arterial resistance through a release of nitric oxide
resulting from increased shear stress in the venous
radicles with IPC, the action of which on the adjacent
arteriolar resistance vessels, by local diffusion, causes
them to dilate transiently with concurrent flow aug-
mentation.4-6,8,20,21
On the basis of the end diastolic velocity and pul-
satility index changes observed during the direct
postcompression period, it appears that peripheral
resistance to flow is significantly attenuated on deliv-
ery of IPC. The relative diastolic flow velocity
changes with outflow resistance for a given pressure
waveform at the entrance of an arterial segment;
time-velocity waveforms with higher diastolic runoff
accompany a lower downstream resistance and vice
versa.22-23 The pulsatility index also varies with the
impedance of receiving circulation, increasing with
peripheral vasoconstriction and decreasing with
peripheral vasodilatation.23 The combinations of
high end diastolic velocity and low pulsatility index
attained with IPCfoot+calf, moderate end diastolic
velocity and moderate pulsatility index attained with
IPCcalf, and low end diastolic velocity and high pul-
satility index attained with IPCfoot, indicate the
degree of peripheral resistance decrease associated
with different modes of IPC. This decrease was
highest when IPCfoot+calf was applied, lower with
IPCcalf, and lowest with IPCfoot.
Popliteal artery diameter changes with IPC were
minimal in both study groups (P > .05). This was
not an unexpected finding in claudicants, in whom
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advanced atherosclerosis affects the viscoelastic arte-
rial wall properties and results in diminished wall
compliance. The insignificance of the diameter
changes with IPC in the control group, given the
twofold to threefold flow enhancement, may be
attributable to transducer-related resolution limita-
tions (7.5/5.5 MHz) and the mandatory use of B-
mode in the process of flow estimation. M-mode
might have enabled more accuracy; however, for rea-
sons pertaining to the duplex scanning software for
estimating flow, its use was not feasible. Assuming
that significant mean flow velocity augmentation
would generate an increase in popliteal diameter, the
inability of our method to demonstrate it results
only in underestimation of the actual flow enhance-
ment, least with IPCfoot and most with IPCfoot+calf. 
Monophasic continuous flow velocity waveforms
were consistently demonstrated in claudicants with
IPC. IPC mainly affected the diastolic component,
the elevation being highest with IPCfoot+calf, moder-
ate with IPCcalf, and least with IPCfoot. In healthy
subjects, the typical triphasic waveform with the
reverse component below baseline was present in
two thirds of limbs receiving IPCfoot, in less than
one fourth of limbs receiving IPCcalf, and in virtual-
ly no limbs receiving IPCfoot+calf. The triphasicity of
flow velocities was maintained, but the entire wave-
form complex was placed above baseline, with all
diastolic elements tracing above baseline.
Our data showed that arterial calf inflow in seat-
ed claudicants is significantly higher than that in
healthy volunteers, confirming previously published
reports.6,24 This, in addition to the significantly
lower pulsatility index in claudicants, indicates a
lower level of peripheral resistance to flow, repre-
senting a reset of the autoregulatory mechanisms in
this population.
In conclusion, IPCfoot+calf produced a higher
level of arterial calf inflow augmentation than the
other IPC modes investigated. At different ampli-
tudes in all three forms of IPC, significant elevation
of the end diastolic velocity and an equivalent reduc-
tion of pulsatility index indicate that decrease of
peripheral resistance to flow is the mechanism
underlying the achieved flow augmentation. These
results support the idea of undertaking prospective
trials on the long-term effects of IPCfoot+calf in symp-
tomatic PVD. If, by enhancing the arteriovenous
pressure gradient and arterial flow velocity, IPC
could stimulate the development of collateral circu-
lation, its application would become an invaluable,
noninvasive therapeutic option in the management
of symptomatic PVD.
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